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Abstract 
With the new Australian science curriculum, one considerable change is the emphasis on science as a human endeavour. For 
many pre-service teachers, science at school and university was presented as factual, value free and without exploring science’s
complex role in society.  Drawing on Patry, Weyringer, and Weinberger’s (2007) Values and Knowledge Education (VaKE), we 
present a dilemma story about a proposal to irrigate an Australian river system. It outlines the personal struggle of one family
juggling declining farming income with their child’s tertiary ambition to study in the city. Pre-service teachers were asked to
decide on whether or not the environmentally conservative family should irrigate their land. Can pre-service teachers see benefits 
for using VaKE in their future teaching of science? Using the lesson interruption method (Patry & Weinberger, 2004), data was 
collected on several occasions. The analysis of the data revealed most pre-service teachers explored personal, local and global
issues from science and non-science domains, respecting different perspectives, with some changing their decision.  Engagement 
with the task varied, some recognised the importance of ‘investigating’ social issues through science and science through social
issues. Others, however espoused that science was about facts and correct answers, where teachers delivered the answers to 
problems rather than encourage debate. Interestingly, the same scientific evidence was used by most to justify their decisions 
both in favour or against irrigation! This raises further questions about the role of science education in developing scientifically 
literate citizens through education. 
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1. Introduction 
There have been many calls to make science teaching more relevant to student lives and link the content to the 
world beyond the classroom (Goodrum & Rennie, 2007). Further, a recent focus has been on producing students 
who leave school as scientifically literate citizens who can contribute to their community. Socio-scientific issues 
(SSIs) offer valuable socio-cultural contexts to help work towards these goals (Zeidler & Sadler, 2011) and highlight 
the interrelationship between science and society (Sadler, 2004). SSIs can be seen as an important aspect of the new 
Science as a Human Endeavour (SHE) strand in the Australian Science Curriculum. However, since many science 
teachers, including pre-service teachers, are unlikely to understand or value the nature of SHE, there are concerns 
that they are likely to overlook SHE in favour of focusing on traditional content knowledge within the Science 
Understanding strand (Aubusson, 2011). 
SSIs are embedded within our increasingly information and technology rich and globalised society, coined ‘The 
Knowledge Society’ (Gilbert, 2005), where complexity, change and uncertainty are inherent features.  Education in 
this society requires change with new core values for learning underpinning this change (Fensham, 2011). These 
values include knowing how to learn, learning with others, considering a range of alternative possibilities and 
acquiring skills such as asking questions and communicating to different audiences. Teaching science in The 
Knowledge Society demands a dramatic shift from traditional science teaching (Fensham, 2011) where emotional 
and value laden aspects of science are not explored.  The emphasis with incorporating SSIs demands moves towards 
teaching of science that has a degree of uncertainty and is both inter-disciplinary (drawn from different science 
disciplines) and multidisciplinary including non-science domains and social, cultural and political drivers. These 
changes are dramatically different from teaching firmly established and authoritative science within discrete science 
sub disciplines.  
When exploring SSIs, students link their science knowledge, and knowledge from other academic and social 
domains, with their citizenship values and how this knowledge is used in society. Patry, Weyringer & Weinberger 
(2007) recognise the connection between knowledge and the values that underpin this knowledge through their 
extensive work with what they term Values and Knowledge Education (VaKE).  
VaKE was initially influenced by Kohlberg’s (1984) use of moral dilemmas. VaKE takes this dilemma 
discussion approach further in educative settings: combining the development of knowledge and knowledge 
acquisition while identifying and nurturing the values that a student uses to construct their arguments for their 
decision. Patry & Weinberger (2004) developed the lesson interruption method to provide a number of clear 
opportunities for teachers to stop student discussion so students could consider and reconsider decisions and discuss, 
reflect, search and exchange information during the VaKE activity. They start with the dilemma and initially discuss 
it with intention for students to recognise their own knowledge base and if this is sufficient. Discussion should lead 
to further questions and drives students to search for and check viable information while making informed decisions 
of their own and recognising their own values.  
VaKE has been successfully used in a variety of classes and schools for many years (Patry, Weyringer, & 
Weinberger, 2008). In reviewing the VaKE research with secondary school students, Patry, Weyringer & 
Weinberger (2008) conclude that knowledge acquisition via VaKE is generally the same as traditional methods. 
However, they argue VaKE offers more because of its interdisciplinary and multidisciplinary nature. Plus, it is likely 
to encourage a higher level of sophisticated thinking and social learning. Although, they acknowledge these aspects 
of learning are difficult to assess.  
VaKE is generally well accepted by students as long as the teacher takes care in setting up the dilemma to gain 
interest from the very beginning (Patry et al., 2008), highlighting the vital role of the teacher. Since most teachers, 
including pre-service teachers, are unlikely to be educated in SSIs (Fensham, 2011) or VaKE (Patry et al., 2008), 
this further magnifies the challenge for incorporating SHE into school science. Building on the work of Patry et al. 
(2007), this project aims to explore the benefits for science pre-service teachers engaged in a VaKE project and how 
this could be transferred to their own teaching.  
This research project was set in 2014 in a science pre-service teacher program.  There were two classes of general 
science and both groups were invited to partake in the research with a total of 52 pre-service secondary science 
teachers.  The essence of VaKE, is to present a dilemma that situates the learner in a situation where there are two 
reasonable options.  The authors chose the irrigation of northern Australia as a contemporary political issue where 
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the analysis requires significant understanding of environmental impact to the region.  As the driest continent, 
Australia has significant areas of land that are minimally farmed and produce little in terms of crops for food.  There 
have been calls to use the tidal rivers of northern Queensland to irrigate the surrounding land and convert it from 
sparse cattle agriculture to food crops (Adamson, 2013; Wittwer & Banerjee, 2014).  Creating a dilemma story 
around this situation means that when pre-service teachers research the science, there are also emotions and values 
and non-science domains that they draw on in making a decision.  Science is often not seen as emotional and value 
laden by pre-service teachers and so this dilemma story may prompt a rethinking of science and its use and place in 
our personal, local and global society. 
Using a dilemma story and working in groups of different viewpoints in a science education program, the authors 
aim to explore the benefits for science pre-service teachers of this approach to learning about teaching science. This 
paper focuses on what pre-service teachers identify as useful in using an ethical dilemma story in school science.  
2. Methodology 
The VaKE program was presented to pre-service teachers over three lessons within their General Science method 
(secondary school) unit. A total of 44 science pre-service teachers (25 females, 19 males) gave informed consent to 
be part of this study, with 38 completing the entire VaKE experience and their responses are reported here. A total 
of 5 surveys were completed and collected anonymously from participants.   
Initially students were given the dilemma story to read and the authors adapted the lesson interruption method 
(Patry & Weinberger, 2004).  Over two lessons, at beginning and end, students responded to the question, “Should 
the family irrigate?”  Initially pre-service teachers were asked to respond immediately after reading the story.  The 
second response came after they had had some discussion about the issue as a class.  Pre-service teachers were then 
put into a values continuum line from strongly yes to strongly no. They were then allocated to groups of four, with 
different strength of views, in most cases with two ‘yes’ and two ‘no’, to research the issues.  Pre-service teachers 
then had three weeks to research and share their ideas within their group in an online learning environment in the 
form of a group wiki.  At the beginning of the next lesson, pre-service teachers were asked after the research to 
respond to the question, “Should the family irrigate?”  During this lesson, each group presented their findings to the 
larger class and then pre-service teachers were asked to finally respond to the question.  Each time students were 
asked to make a decision, they were also asked what values they were considering when making this decision and to 
list a hierarchy of the values that they felt were important in making this decision, from most important to least 
important. Within their groups, they were asked to consider if their knowledge base was sufficient and what else 
they needed to know.  
In the final survey, one week after their VaKE presentations, students were asked to reflect on the VaKE activity 
and give their views on the value and limitations of this experience in terms of learning and teaching science. From 
the anonymous surveys, the results were collated and analysed on the basis of which pre-service teachers responded 
yes or no, and the values were compared.  For the final survey the responses were analysed for emerging themes and 
form the focus we present here. Analysis was based on grounded theory whereby the authors looked at emerging 
themes and categories as they each transcribed part of the data. The emergent themes and categories were compared 
from each author and amalgamated into a consistent list. This was also done to ensure consistency between the 
authors for identifying the themes. In summary, data for this project was collected via the 4 surveys (identifying 
participant’s decisions and the values prioritized for making these decisions), the final survey, class discussions 
notes, WIKI material, group presentations and supporting PowerPoints, and researcher’s field notes. 
3. Results and discussion 
The results from the four interruption surveys (see Table 1) show that some pre-service teachers did change their 
decision due to the research they undertook and there were a number of patterns of change (see Table 2). A range of 
values important in making their decision were identified by pre-service teachers (see Table 3), with pre-service 
teachers identifying at least 3 values they considered as important within each decision. Initially there was 
discussion, from the pre-service teachers that the dilemma story had been written in a way to make the decision 
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obvious or reflected the views of the lecturers.  Some argued it was strongly anti-irrigation, while some argued it 
was clearly pro-irrigation.  The authors contend that the pre-service teachers brought their pre-existing values about 
the issue to their initial decision.  Surprisingly for the authors the classes were evenly split at times between yes and 
no.  
Table 1: Results (Decision) N=38 
Survey Yes No Undecided
1 22 14 2
2 19 19 0
3 21 14 3
4 19 15 4
Table 2: Patterns of responses (yes, no or undecided) over the 4 surveys. N=38 
Pattern Number of 
participants
Y Y Y Y 13 
N N N N 9
Y N N N 3
Y N Y Y 2
N N Y Y 2
N Y Y Y 1
Y Y N N 1
Y Y Y U 1
Y Y U U 1
N N U N 1
U Y Y Y 1
U Y N N 1
Y N Y U 1
N N U U 1
Table 3: Values reported that informed decision-making process over the four surveys 
Value- Orientation Example 
Economical Family income, local community, state and national income 
Educational Need to be educated, Sam’s future education (eg enviro/ farming), distance education, government 
initiatives to support education  
Environmental river system, soil, salinity, water flows & rainfall patterns, endangered species, tree planting, traditional 
farming, sustainable farming practices, other environmental initiatives in area, Sam’s family contribution 
Health and welfare Mental and physical health - Sam & family, local community, society 
Personal and Human rights Right to be education, right to choose, individual, family & community rights, fairness, family rights to 
water & a living, neighbours rights to choose, tradition 
Political Local government, state & national and international relations 
Social Influence Influence of others in the community, other farms doing it 
The results of the analysis of the final survey revealed common themes that were raised by the pre-service 
teachers: Science as fact, real life science is highly complex, learners bring strong opinions to a task, usefulness for 
teaching, understanding a range of views, and personal impact.  For reasons of space the authors report on just two 
of these, Science as Fact and Usefulness for Teaching. 
3.1. Science as fact  
Some of the pre-service teachers thought that science was dry and factual, and that when teaching science, 
teachers should leave out feelings and emotions and ethics, such as pre-service teacher #28 (PST28) “… the 
question was framed as a moral one when it should have been a much more cut and dried fact based decision.”  
PST29 thought it was better placed in humanities rather than science, “it would have been a good debate topic rather 
than a science topic”. Several pre-service teachers gave similar responses that debate didn’t belong in science and 
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that science should only be based on facts. While others commented that this divulged the ambiguity of science, “it 
showed there is no black and white with these types of issues” (PST23) and “that the scientific facts are not the be 
all and end all” (PST40).  So at the end of the process, the class was split on the idea that science was just about 
facts or whether debate had a place in science discussion. 
3.2. Usefulness for teaching 
Most pre-service teachers reported at the end of the process that VaKE was a useful and engaging teaching 
strategy. PST21 “yes, encourages the learner not to accept given facts or stories, but to search beyond that, do their 
own research and direct you’re their own learning”.  A few pre-service teachers saw this as an opportunity think 
critically about science and science teaching, taking multiple perspectives and drawing conclusions on a complex 
situation, such as this response, “I think to a good extent it helped us to think critically, and at the same time take 
note of the multiple viewpoints that will help a student teacher to reflect and think about how to present your subject 
material” (PST43). Other pre-service teachers saw this as yet another useful teaching strategy that could be useful in 
their classrooms “this experience was interesting and informative in terms of learning other teaching/learning 
techniques” (PST10).  Other pre-service teacher linked this to sciences as a human endeavour “its important to relate 
it [science] to human endeavour” (PST20). And another “I think it was very beneficial as it can lead into many 
tough topics …” (PST23).  A few pre-service teachers didn’t relate to the idea of using ethics or values to teach 
science, such as this “Did not find this experience useful… found it very vague and irrelevant. Waste of class time 
which I would have benefited more from it if focussed on how to teach,” (PST29). Interestingly this pre-service 
teacher was unable to see that the task was being modelled as teaching strategy. The authors’ emphasis that most 
pre-service teachers connected with was how to teach science as human endeavour as part the new of science 
curriculum. 
3.3. Interpreting VaKE 
In many ways VaKE was a new and confronting teaching idea for pre-service science teachers as they expected 
to be shown the “right way” to teach and given the “correct answers”.  It was evident from our research that pre-
service teachers generally have a fixed view of science as value free and factual which concurs with Clément’s 
findings (2013).  Some of them formed strong early opinions that were unmoved by their research, while others 
were open to the opinions of others and the evidence they found by researching the topic.  Interestingly, pre-service 
teachers with strong positive opinions and those with strong negative opinions used the same CSIRO environmental 
impact study as evidence to support their case.  One pre-service teacher noticed this when they reported in the final 
survey “few could make use of the evidence found, the CSIRO research wasn't clear, extremely ambiguous, and 
could have, no was used both ways” (PST31). The VaKE experience was one that they had not contemplated or 
experienced during their own science education. While these pre-service teachers did not teach VaKE, they 
experienced the activity as a student and reflected on the process as both a student and a science pre-service teacher. 
The pre-service teachers recognised this shift away from traditional teaching, a shift that is needed to implement 
VaKE successfully (Patry et al., 2008), but a shift many of them now appreciate. In many ways they developed an 
understanding of VaKE and for most, an appreciation of the purpose and value of using VaKE in school science and 
the planning and complexities involved in successful implementation.   
Many pre-service teachers recognised how creating a dilemma story that situates the student within that story can 
be a motivating way to engage students in otherwise boring content. It allowed them to make connections to science 
classrooms and compare purpose, values and shifts of thinking with more traditional science teaching.  As Clément 
(2013) noted though, scientists [and science teachers] are human beings that carry with them their own values that 
impact on their decisions [and teaching]. The values for learning underpinning a VaKE activity include those 
Fensham (2011) notes as being core values in this Knowledge Society: knowing how to learn, learning with others, 
considering a range of alternative possibilities and acquiring skills such as asking questions and communicating to 
different audiences. Further, for teaching science in this society, understanding of the use, uncertainty and 
complexity of science in our society and the need to draw on expertise from science and non-science disciplines to 
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consider ways to address these personal, local and societal issues is required (Fensham, 2011). They are also, all the 
features of VaKE. The socio-cultural contexts for moral and ethical decision making when taught through a VaKE 
approach build in pre-service teachers an understanding of how to develop scientific literacy in students (Zeidler & 
Sadler, 2011). 
4. Conclusions  
It can be said that for many of our pre-service science teachers VaKE has made them realized that science is 
value laden and that they bring their own values to their teaching in classrooms. Through this process they had a 
better understanding of the different values of other pre-service teachers. Understanding a person’s values didn’t 
change their own values, but allowed them to be more empathetic to the views and values of others. They take away 
a more complex view of science, scientific thinking and their own values of science. This should make them better 
teachers who are more understanding of their students’ differing opinions.  
Most teachers, including pre-service teachers, are unlikely to be educated in SSIs (Fensham, 2011) or VaKE  
(Patry et al., 2008). By demonstrating the link between science teaching and the role of science in our society, we 
argue that pre-service teachers developed a stronger understanding and appreciation of the value of Science as a 
Human Endeavour. Many pre-service teachers commented that science is very much a complex endeavour with ill-
defined issues that are inseparable from our personal, local and global society. This is something many science 
educators believe Australian science teachers lack and which is likely to limit the teaching of the SHE strand within 
the new Australian curriculum (Aubusson, 2011). Whether they use VaKE or other ways of incorporating SSIs in 
the future is too early to tell, the authors contend as science teacher educators the best we can do is plant the seed. It 
seems we have 50 odd seeds planted, let us hope we see many trees in the years to come. 
References 
Adamson, D. (2013). The big issue: Northern irrigation: Dream or nightmare? Irrigation Australia: The Official Journal of Irrigation Australia,
29(3), 30.  
Aubusson, P. (2011). An Australian science curriculum: competition, advances and retreats. [Report]. Australian Journal of Education, 55(3), 
229-244.  
Clément, P. (2013). Values in Science and in Science Education. Journal INEDP, 1(1), pp.1-26. 
Fensham, P. J. (2011). Knowledge to deal with challenges to science education from without and within. In D. Corrigan, J. Dillon & R. Gunstone 
(Eds.), The Professional Knowledge Base of Science Teaching. The Netherlands: Springer. 
Gilbert, J. (2005). Catching the knowledge wave: The knowledge society and the future of education. Wellington: New Zealand Council for 
Educational Research. 
Goodrum, D., & Rennie, L. (2007). Australian School Science Education National Action Plan 2008 – 2012. Department of Education, Science 
and Training, Commonwealth of Australia. 
Kohlberg, L. (1984). The psychology of moral development: the nature and validity of moral stages (Vol. 2). San Francisco: Harper & Row. 
Patry, J.-L., & Weinberger, A. (2004). Kombination von konstruktivistischer werterziehung und wissenserwerb. Salzburger Beiträge zur 
Erziehungswessenschaft, 8(2), 35-50.  
Patry, J.-l., Weyringer, S., & Weinberger, A. (2007). Combining values and knowledge education. In D. Aspin & J. Chapman (Eds.), Values 
Education and Lifelong Learning (Vol. 10, pp. 160-179). Netherlands: Springer. 
Patry, J.-L., Weyringer, S., & Weinberger, A. (2008). Interaction of science and values in schools. In K. Tirri (Ed.), Educating Moral Sensibilities 
in Urban Schools (pp. 157-170). Rotterdam: Sense Publishers. 
Sadler, T. D. (2004). Moral and ethical dimensions of socioscientific decision-making as integral components of scientific literacy. Science
Educator, 13(1), 39-48.  
Wittwer, G., & Banerjee, O. (2014). Investing in irrigation development in North West Queensland, Australia. Australian Journal of Agricultural 
and Resource Economics. doi: 10.1111/1467-8489.12057 
Zeidler, D. L., & Sadler, D. L. (2011). An inclusive view of scientific literacy: Core issues and future directions of socioscientific reasoning. In C. 
Linder, L. Ostman, D. A. Roberts, P. Wickman, G. Erickson & A. MacKinnon (Eds.), Promoting scientific literacy: Science education 
research in transaction (pp. 176-192). New York: Routledge / Taylor & Francis Group. 
